A Coronal Mass Ejection (CME) is an ejection of energetic plasma with magnetic field from the Sun. In traversing the Sun-Earth distance, the kinematics of the CME is immensely important for the prediction of space weather. The objective of the present work is to study the propagation properties of six major geo-effective CMEs and their associated interplanetary shocks which were observed during solar cycle 24. These reported CME events produced intense geo-magnetic storms (Dst > 140 nT). The six CME events have a broad range of initial linear speeds ~600 -2700 km/sec in the LASCO/SOHO field of view, comparing two slow CMEs (speed ~579 km/sec and 719 km/sec), three moderate speed CMEs (speed ~1366, 1571, 1008 km/sec), and one fast CME (speed ~2684 km/sec). The actual arrival time of the reported events is compared with the arrival time calculated using the Empirical Shock Arrival model (ESA model). For acceleration estimation, we utilize three different acceleration-speed equations reported in the previous literatures for different acceleration cessation distance (ACD). In addition, we compared the transit time estimated using the second-order speed of CMEs with observed transit time. We also compared the observed transit time with transit time obtained from various shock arrival model. From our present study, we found the importance of acceleration cessation distance for CME propagation in interplanetary space and better acceleration speed for transit time calculation than other equations for CME forecasting.
Introduction
Coronal Mass Ejection is the most energetic process of solar atmosphere. The CME can be defined as an ejection of plasma with magnetic field from the Sun to the interplanetary space. And its effect on Earth's environment and space weather. Kinematics of CMEs in space depends upon the initial seed additionally affected by ambient solar wind conditions [1] [2] [3] . The propagation of coronal mass ejections has variations continuously due to their internal energy and interaction with other into interplanetary [4] [5] . The Earth directed CME (i.e. halo or partial halo CME) affect the magnetosphere of Earth. These CME knows as geo-effective CME, the geo-effectiveness of CME identified by geo-magnetic storm disturbances index; Dst (or horizontal component of geo-magnetic disturbance field; SYM/H index). The geo-effectiveness is high, if the value of Dst is more negative. In the interplanetary medium, the CME went through acceleration and deceleration due to solar wind speed and finally come to speed nearly equal to speed of solar wind [6] [7] . But as we know that the speed of solar wind shows variation during the 11 year period of solar cycle. Estimation of the arrival of CME to near Earth is very important for predicting the space weather. There is no certain method for model to calculate the arrival time of CME at 1 AU accurately. However, Gopalswamy, in 2001, estimated the transit time of 47 Earth directed CME events observed during the period of 1996 to 2000 following the Empirical shock arrival (ESA) model. For estimation of transit time, they proposed a formula for acceleration (a = 2.193 − 0.0054u) related to the initial speed (u) of CMEs [7] . While the transit time for 83 halo CME events at 1 AU investigated by Michalek et al. 2004 [8] . Among these 83 events, an equation was obtained between effective acceleration and initial speed as a = 4.11 − 0.0063u for 49 CME events with several fast. Another acceleration equation a = 3.35 − 0.0074u, was obtained for extreme events including very fast CMEs (~2684 km/sec), few very slow speed CMEs (~400 km/sec) and two main cases were chosen to representing events for which: 1) there is no acceleration of CMEs and 2) accelerating CMEs at 1 AU. In the present work, we examine the propagation of six geo-effective CME events having a wide range of linear initial speed (~600 to 2700 km/sec) and produced intense geo-magnetic storms having value of Dst index more than (−140 nT). We compare the estimated arrival times with the actual arrival times and also transit time obtained using Drag Based Model 
Data Selection
We studied the set of six major geo-effective CME events observed by SOHO/ LASCO during the solar cycle 24. The six CME events generated geo-magnetic storms of high intensity Dst > 140 nT. These selected CMEs events are associated with C, M and X class X-ray flares. The detail of selected CMEs, associated flare and geo-magnetic storms are listed in Table 1 . Geo-effective CME details are also obtained from the online catalogues of SOHO/LASCO at https://cdaw.gsfc.nasa.gov/CME_list, International Journal of Astronomy and Astrophysics 
Results and Discussion
Gopalswamy et al., 2001 and Kim et al., 2007 described a procedure to estimate transit time of CME at 1 AU [7] [9] . The total transit time is given by T = T 1 + T 2 where T 1 is the time of travel up to the acceleration cessation distance d 1 up to 1 AU (in Equation (1)) and T 2 is travel time for reaming distance d 2 at the constant speed (in Equation (2)). For estimating acceleration, we are using three different equations (Equations (3) 
In the equations above, u is the initial speed of CME. Now we compare the transit times calculated using these above equations with the actual transit time of reported CME events.
ESA Model: Arrival Time Using Linear Speed of CMEs
As we have three equation for calculating transit time, so firstly we calculate Transit time using Equations (1) and (2) with acceleration speed Equation (3) given by Gopalswamy Table 2 . The first column indicates the sequence of selected CME events as mentioned in Table 1 .
And column second represents the difference between actual transit time and estimated transit time results for different ACD using Equation (3). From Table 2 , it seems that the error in transit time value if less (0.3 -4 hour) for event 4th and 6th, while CME events 1st, 4th and 6th have less error for 0.7 AU. This transit time estimation method is repeated for other acceleration-speed equations i.e. (4) and (5) given by Michalek et al. (2004) . In the table, columns third and fourth present the difference between actual arrival time and the arrival time (4) and (5) respectively. On the other hand acceleration-speed Equation (5) gives the approximately nearly consistent transit time value with the actual transit time (approximately 0.8 -15 hr) 6th except event 3rd and 5th events. From the table, we can see that Equation (3) produced the minimum error (∆T IP Shock = 0.6 -10 hr) for three CME events (1st, 4th and 6th). We get the actual arrival time values of IP shock from Equation (3) for event 1st, 2nd, 4th and 6th but the deviation is more for other two events (event 3rd and 5th), this is may be due to the their slow linear speed (719 km/sec and 579 km/sec respectively).
ESA Model: Transit Using Second Order Speed of CMEs
In this section of observation, we obtained the arrival time using second-order speed of CMEs instead of linear speed reported in the LASCO/SOHO catalogue.
So here we are estimating transit time from Equation (3) The transit time error (within ±11 hr) for the last four events, while the transit time error (~0.2 -7 hr) for last three events using second-order speed at a final distance. It seems from the investigation above that the speed at final speed gives the arrival time nearly consistent with the actual arrival time.
Comparison with Other Models
In this section, we compare the actual arrival time with transit time obtained by other models (Table 3 ). Here we are using three different shock arrival prediction models (1) Table 4 . In the constant speed model, it has been predicted that CME travels the entire Sun Earth distance at the same speed (initial speed of CME) to reach at 1 AU. And also plot these different obtain transit time of IP-shocks in Figure 3 . The Drag Based Model assumes that the CME speed dragged due to interaction of ICME and ambient solar wind. In DBM, the given parameters are: starting radial distance of CME (r 0 ), CME speed at r 0 (v 0 ), asymptotic solar wind and drag parameter. The DBM tool is accessible in the website http://oh.geof.unizg.hr/index.php/en/spaceweather-tools. After putting all the values for reported CMEs, we have got the transit times at 1 AU.
We have taken average ambient solar wind speed as 500 km/sec, which is the av- 
Conclusion
For the present study, we presented the estimation of arrival time of six major coronal mass ejections which produced intense geo-magnetic storms more than Dst > 140 nT observed during solar cycle 24. The reported CME events have different linear speed such as ~579 -2684 km/sec. The interplanetary acceleration values, calculated from the speed of CME using various acceleration-speed equations, are utilized in the ESA model. All the plots regarding transit time of CMEs at 1 AU obtained by using ESA model for three different acceleration cessation distance (0.5 AU, 0.6AU and 0.7AU). Study demonstrated that each event acts differently in the interplanetary space. The CME propagation is also governed by the speed of CME, interplanetary acceleration/deceleration and acceleration cessation distances. Summarizing the above study and analysis, it is seen that the result of all comparison of arrival times for reported six CME, the arrival time 
